Abstract: BACKGROUND: Post-procedural aortic regurgitation (AR) negatively impacts the prognosis after trans-catheter aortic valve implantation. However, data evaluating the impact of different postprocedural AR grades (particularly mild) on clinical outcomes are still important. AIM AND METHODS: A retrospective cohort analysis was performed on all consecutive patients with severe aortic stenosis who underwent trans-catheter aortic valve implantation between July 2008 and August 2011 in a single Institution. Aim of the study was to evaluate the impact of different post-procedural AR grades on early and mid-term clinical outcomes. RESULTS: 322 consecutive patients were evaluated. At postprocedural echocardiographic evaluation: 105 (32.6%) patients had no AR, 204 (63.4%) mild AR and 13 (4%) moderate/severe AR. In-hospital mortality was higher in patients with moderate/severe AR than in those with absent or mild AR (38.5% vs. 2.6%, P < 0.001). At a median clinical follow-up of 342 days [interquartile range 93-485] cardiovascular mortality was 2.9% in patients without AR; 13.2% in the mild AR group (P = 0.004 vs. absent AR) and 46.2% in the moderate/severe AR group (P < 0.001 vs. mild or absent AR). On multivariable analysis, post-procedural AR (hazard ratio = 2.65 absent vs. present any grade, 95% confidence interval = 1.11-6.29; P = 0.027) was an independent predictor of mid-term mortality. CONCLUSIONS: The impact of post-procedural AR on outcomes after trans-catheter aortic valve implantation is proportional with its grade even in case of mild post-procedural AR compared to absent. This study confirms that every effort should be made to reduce the grade of post-procedural AR after trans-catheter aortic valve implantation with current devices.
Impact and natural history of postprocedural aortic regurgitation on early and midterm mortality following transcatheter aortic valve implantation in high-risk patients with severe aortic stenosis Background Post-procedural aortic regurgitation (AR) negatively impacts the prognosis after trans-catheter aortic valve implantation. However, data evaluating the impact of different post-procedural AR grades (particularly mild) on clinical outcomes are still important.
Aim and Methods A retrospective cohort analysis was performed on all consecutive patients with severe aortic stenosis who underwent trans-catheter aortic valve implantation between July 2008 and August 2011 in a single Institution. Aim of the study was to evaluate the impact of different post-procedural AR grades on early and mid-term clinical outcomes.
Results 322 consecutive patients were evaluated. At postprocedural echocardiographic evaluation: 105 (32.6%) patients had no AR, 204 (63.4%) mild AR and 13 (4%) moderate/severe AR. In-hospital mortality was higher in patients with moderate/severe AR than in those with absent or mild AR (38.5% vs. 2.6%, P < 0.001). At a median clinical follow-up of 342 days [interquartile range 93-485] cardiovascular mortality was 2.9% in patients without AR; 13.2% in the mild AR group (P U 0.004 vs. absent AR) and 46.2% in the moderate/severe AR group (P < 0.001 vs. mild
Introduction
Transcatheter aortic valve implantation (TAVI) is an effective and worldwide practiced treatment option for high-risk surgical patients with severe aortic stenosis. 1, 2 Although outcomes following TAVI have improved through developments in technology and increasing clinical experience, postprocedural aortic regurgitation remains relatively common and an important issue as it has been identified as an independent predictor of mortality. [3] [4] [5] Incongruence between device size and aortic annulus dimensions, 6, 7 extensive calcification of the aortic valve [8] [9] [10] and prosthesis malposition [11] [12] [13] are considered the main causes of this phenomenon. Trivial or mild postprocedural aortic regurgitation is actually frequent, 6, [14] [15] [16] whereas moderate-to-severe is relatively rare, but it may be associated with increased mortality between 30 days and 1 year. 3 In the present study, we sought to evaluate the natural history and the impact of different postprocedural aortic regurgitation grades on early and midterm clinical outcomes in patients treated with either the self-expanding CoreValve (Medtronic Inc., Minneapolis, Minnesota, USA) or balloon-expandable Edwards SAPIEN (ESVEdwards Lifesciences, Irvine, California, USA) aortic valve bioprosthesis.
Methods
A retrospective cohort analysis was performed on 344 consecutive patients with symptomatic severe aortic Prespecified clinical and laboratory data were prospectively collected for all patients on admission, immediately after TAVI and during midterm follow-up. All patients were followed up prospectively, and data on major clinical events and complications during and after TAVI were obtained from hospital documentation, whereas data on events occurring after discharge were derived from follow-up visits or by contacting patients by phone.
TTE or transesophageal echocardiography (TEE) with evaluation of the aortic annulus diameter, aortic mean gradient, aortic peak gradient and aortic valve area (AVA) was performed at admission (preprocedure), discharge and at 30-day, 6-month, 1-year and more than 1-year follow-up visits by the same operator who performed the prior examination.
Procedural details
Procedural details have already been described elsewhere. 17 In order to assess the grade of postprocedural aortic regurgitation, an angiogram immediately after transcatheter heart valve (THV) implantation (and approximately 10 min after CoreValve implantation in case of moderate or severe postprocedural aortic regurgitation) and an intraprocedural TTE or TEE with an established integrative approach for quantitative and semiquantitative grading according to guidelines were performed in all the patients. 18 In the case of discrepancy between aortography and echocardiography, we always accepted the worst result as our evaluation of the aortic regurgitation grade. In case of moderate-to-severe aortic regurgitation, any countermeasure adopted (i.e. postdilatation, snaring or valve-in-valve implantation) was left to the discretion of the operator.
Aortic regurgitation definition
The quantitative and semiquantitative hemodynamic assessment of aortic regurgitation severity was performed with Doppler echocardiography and aortography as per guidelines. [18] [19] [20] Aortic regurgitation grading was based on color Doppler imaging through the assessment of the height and width of the regurgitant jet. Short-axis and long-axis TTE views were used to assess the severity of the aortic regurgitation (absent, mild and moderate/ severe). According to the Valve Academic Research Consortium (VARC), 21 aortic regurgitation was graded as being absent, mild, moderate or severe.
Endpoint definitions
The primary outcomes evaluated in the present study were all-cause and cardiovascular mortality at follow-up. All the procedural and clinical outcomes were adjudicated internally with the VARC definitions. 21 
Statistical analysis

Results
Between July 2008 and August 2011, a total of 344 patients underwent a TAVI procedure. Among these, 22 patients [16 patients treated for bioprosthetic valve degeneration ('valve-in-valve') and 6 patients for 'isolated' severe aortic regurgitation] were excluded from the final analysis. Thus, a total of 322 patients constituted the cohort of the present study. Baseline clinical, echocardiographic and angiographic characteristics were compared according to the grade of postprocedural aortic regurgitation, which was defined as absent, mild and moderate/severe (Tables 1 and 2 ). Overall mean patient age was 79.6 AE 7 years. New York Heart Association class III/IV was present in 214 (66.9%) patients, whereas 46 (14.3%) had a severely reduced (<40%) LVEF. Concomitant coronary artery disease was present in 140 (44.3%) patients, and 71 (22%) patients underwent previous coronary artery bypass graft. Mean logistic EuroSCORE was 24.0 AE 16.9%, whereas mean STS score was 9.5 AE 9.3. Mean AVA was 0.76 AE 0.5 cm 2 . Mean aortic annulus diameter was 22.9 AE 3.1, 23.1 AE 4.1 and 22.6 AE 3.0 mm at computed tomography scan, TEE and TTE evaluation, respectively. At baseline, 247 (78.3%) patients were free from aortic regurgitation. Immediately after TAVI, aortic regurgitation was classified as absent in 105 (32.6%) patients, mild in 204 (63.4%) patients and moderate-tosevere in 13 (4%) patients. No significant differences were noted among patients grouped according to postprocedural aortic regurgitation grade (absent, mild and moderate/severe) with regard to baseline clinical characteristics with the exception of AVA (aortic regurgitation absent: 0.8 AE 0.22 cm 2 ; mild aortic regurgitation: 0.69 AE 0.21 cm 2 ; moderate/severe aortic regurgitation: 0.65 AE 0.13 cm 2 ; P ¼ 0.003) and left ventricular enddiastolic diameter (aortic regurgitation absent: 50.5 AE 6.3 mm; mild aortic regurgitation: 52.9 AE 7.9 mm; moderate/severe aortic regurgitation: 56.5 AE 9.5 mm; P ¼ 0.035), which were, respectively, smaller and larger in patients with moderate/severe postprocedural aortic regurgitation.
Procedural characteristics are shown in Table 3 . Of the 322 TAVI procedures, 261 (81.1%) were performed transfemorally, 34 (10.6%) through a transaxillary access, 24 (7.4%) transapically and 3 (0.9%) through the direct aortic route. The CoreValve was implanted in 128 (39.8%) patients whereas the Edwards SAPIEN or SAPIEN XT was implanted in 194 (60.2%) patients. Procedural success was achieved in 96% of patients. The mean transaortic pressure gradient decreased from 53.3 AE 15.0 mmHg (preprocedure) to 9.8 AE 4.7 mmHg (postprocedure, P < 0.001). THV postdilatation was performed in 61 (18.9%) patients: 14 (7.2%) with the Edwards SAPIEN and 47 (36.7%) with the CoreValve (P < 0.0001).
In-hospital mortality
In-hospital death occurred in 13 (4.0%) patients. Causes of in-hospital death are shown in Table 4 . Death rates were significantly higher in patients with moderate/ severe postprocedural aortic regurgitation than in those with absent or mild aortic regurgitation (38.5 vs. 2.6%, P < 0.001). There was no significant difference between patients with absent aortic regurgitation and those with mild aortic regurgitation (1 vs. 3.4%, P ¼ 0.19); however, an increase in hospital death was seen in patients with at least moderate aortic regurgitation (Fig. 1) .
Follow-up mortality Thirty-day mortality occurred in 14 (4.3%) patients, with only 1 occurring after discharge, which was attributed to sudden death. This was significantly higher in patients with moderate/severe postprocedural aortic regurgitation than in those with absent or mild aortic regurgitation (38.5 vs. 2.9%, P < 0.001).
At a median clinical follow-up of 342 days (interquartile range 93-485), all-cause mortality occurred in 57 (17.7%) patients. Figure 1 shows the distribution of cardiovascular and all-cause mortality according to postprocedural aortic regurgitation grade. Table 5 summarizes the causes of death during follow-up. All-cause death occurred in 10 (9.5%) patients without postprocedural aortic regurgitation, in 40 (19.6%) patients with mild postprocedural aortic regurgitation (P ¼ 0.023 vs. no aortic regurgitation) and in 7 (53.8%) patients with moderate/severe postprocedural aortic regurgitation (P < 0.004 vs. mild aortic regurgitation). Overall cardiovascular mortality occurred in 36 (11.2%) patients: 3 (2.9%) in patients without (Table 6 ).
Impact of postprocedural aortic regurgitation on midterm mortality Kaplan-Meier curves for all-cause and cardiovascular mortality according to postprocedural aortic regurgitation grade are shown in Fig. 2 . Actuarial all-cause mortality at 1 year was higher in patients with moderate/severe postprocedural aortic regurgitation than in those with mild (33.3 vs. 13.7%; log-rank P ¼ 0.02) and absent postprocedural aortic regurgitation (9.8%; log-rank P ¼ 0.002). Actuarial all-cause mortality, however, was not different in patients with mild and with absent aortic regurgitation (log-rank P ¼ 0.21) (Fig. 2a) . Actuarial cardiovascular mortality was significantly higher in patients with moderate/severe aortic regurgitation than in those with absent (33.3 vs. 3.2%, logrank P < 0.0001) and mild aortic regurgitation (33.4 vs. 8.4%, log-rank P ¼ 0.002). Actuarial cardiovascular mortality was also significantly different in the mild aortic regurgitation group compared with that in the absent aortic regurgitation group (8.4 vs. 3.2%, log-rank P ¼ 0.03) (Fig. 2b) .
Natural history of postprocedural aortic regurgitation TTE was performed during follow-up at 30 days, 6 months, 1 year and after 1 year. Complete TTE data were available for 136 patients, which were analyzed in order to assess the natural history of postprocedural aortic regurgitation.
Six months
Among the 44 (32.3%) patients without aortic regurgitation at discharge, 34 (77.3%) patients remained free from aortic regurgitation at 6-month follow-up, whereas
Postprocedural aortic regurgitation after TAVI Ielasi et al. 289 progression to mild aortic regurgitation was seen in 10 (22.7%) patients. Of the 88 (64.7%) patients with mild aortic regurgitation at discharge, 75 (85.2%) patients remained stable, whereas aortic regurgitation resolved in 12 (13.6%) patients and progressed to moderate/severe in 1 (1.2%) patient. Of the four (2.9%) patients with moderate/severe aortic regurgitation at discharge, two remained stable, whereas aortic regurgitation resolved in one (25%) patient and reduced to mild in 1 (25%) patient at 6-month follow-up.
One year
At 1-year follow-up, 44/47 (93.6%) patients without aortic regurgitation at 6 months remained stable, whereas progression to mild aortic regurgitation was observed in 3 (6.4%) patients. Of the 86 patients with mild aortic regurgitation at 6 months, 77 (89.5%) remained stable, whereas in 6 (7%) patients aortic regurgitation resolved and in 3 (3.5%) patients worsened to moderate/severe. Moderate/severe aortic regurgitation remained stable in three patients. After the 1-year follow-up, postprocedural aortic regurgitation worsened in only one patient, from mild to severe, because of infective endocarditis in an Edwards SAPIEN THV (cusp laceration with severe central aortic regurgitation) that required a subsequent second TAVI procedure (valve-in-valve).
Discussion
The main findings of the present study are as follows:
(1) Postprocedural aortic regurgitation was frequent and occurred in 67.4% of patients (217). Among these, aortic regurgitation was moderate/severe in only 6% of patients (13/217). 
2.9%
Cardiovascular and all-cause mortality according to postprocedural aortic regurgitation grade. AR, aortic regurgitation. P-value for trend <0.001.
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(2) Although uncommon, moderate/severe aortic regurgitation is associated with a significant impact on early and midterm mortality. (3) Even mild aortic regurgitation appears to be associated with increased cardiovascular mortality. (4) The severity of postprocedural aortic regurgitation appears to remain stable during follow-up in the majority of patients, irrespective of the THV implanted.
Variable rates of postprocedural aortic regurgitation following TAVI have been reported in the literature. Depending on the method of assessment (angiography vs. echocardiography, quantitative vs. semiquantitative), the reported incidence of postprocedural aortic regurgitation varies between 40 and 67% for trivial to mild aortic regurgitation 22-24 and 7 and 20% for moderate-to-severe aortic regurgitation. [22] [23] [24] [25] According to the VARC definition of aortic regurgitation, we reported a 67.4% incidence of total postprocedural aortic regurgitation (of which 94% was mild and 6% moderate/severe), in agreement with the results from other studies. 6, 15, [26] [27] [28] [29] On the other hand, we reported a 6% incidence of moderate/ severe postprocedural aortic regurgitation, which is lower than the 4-17.2% incidence demonstrated by other studies. 6, 15, [26] [27] [28] [29] This may reflect differences in the definitions of aortic regurgitation applied (VARC vs. non-VARC), the interventional technique used at each institution and differences in the timing and method used to assess postprocedural aortic regurgitation. Recent data from large studies 3,29 identified significant postprocedural aortic regurgitation (moderate/severe) as a predictor of early and midterm mortality. This was also the case in our study as this was associated with a worse outcome in terms of survival free from overall and cardiovascular mortality as compared with absent or mild postprocedural aortic regurgitation. Aside from the clear influence of moderate/severe postprocedural aortic regurgitation on mortality, the impact of mild aortic regurgitation on midterm outcome has yielded conflicting results in recent literature. 4, 30 Such discrepancies may be related to the challenges associated with both the echocardiographic and angiographic identification and quantification of postprocedural aortic regurgitation, which still remains controversial and imprecise. 31 In our study, even mild aortic regurgitation had a significant impact on midterm outcome as it was associated with a higher cardiovascular mortality at follow-up as compared with no aortic regurgitation. Previous TTE-based studies 32 have suggested that even mild postprocedural aortic regurgitation may be clinically detrimental, a finding that is difficult to explain physiologically. The reason as to why mild postprocedural aortic regurgitation may influence cardiovascular mortality remains unclear. A possible explanation is that a hypertrophic left ventricle that has been exposed to midterm pressure overload may not be able to adapt abruptly to volume overload, even if mild, especially if preprocedural aortic regurgitation had not been present. Furthermore, recent studies 33, 34 showed that aortic regurgitation severity is underestimated by TTE compared with cardiac MRI, so one may speculate that at least part of these patients with aortic regurgitation classified as mild may have had at Postprocedural aortic regurgitation after TAVI Ielasi et al. 291 Table 5 Causes of death during follow-up according to postprocedural aortic regurgitation grade least moderate aortic regurgitation. This finding could help to explain the worse clinical outcome of these patients with 'mild' aortic regurgitation. Therefore, the potential incremental prognostic value of cardiac MRI should be prospectively investigated in this setting. Following an accurate assessment, the complete elimination of a postprocedural aortic regurgitation represents another important goal in THV implantation procedures. Mismatch of valve annulus and prosthesis diameter size, aortic root calcification and suboptimal device implantation have already been identified as major culprits for postprocedural aortic regurgitation in a recent metaanalysis. 35 Undersizing of the THV to the annulus size is a key reason for postprocedural aortic regurgitation. Thus, precise annulus sizing and quantification of the extent and location of calcification in the aortic root by appropriate preprocedural 3D imaging are of great importance in order to adequately size the THV and prevent postprocedural aortic regurgitation. [36] [37] [38] Along with the preprocedural planning, postimplantation countermeasures such as valve-in-valve implantation, valve snaring and postdilatation may also be considered to reduce moderate/severe postprocedural aortic regurgitation (particularly after CoreValve implantation). On the basis of the prognostic importance of mild aortic regurgitation shown in our study, we believe that it would be reasonable to consider postdilatation in selected patients with mild aortic regurgitation in whom clear valve underexpansion is evident but should be avoided in patients with severe asymmetrical calcification or left ventricular outflow tract calcification. Although all these periprocedural measures are certainly important in reducing aortic regurgitation with standard devices, the preliminary data from new-generation THVs (with improved subannular fixation designs or external space-filling materials) are promising and suggest that residual postprocedural aortic regurgitation may become an irrelevant issue in the near future. 39, 40 Natural history of postprocedural aortic regurgitation To date, limited information is available regarding the natural history of postprocedural aortic regurgitation. Among the 136 patients with complete echocardiographic follow-up data, aortic regurgitation appeared to remain stable from discharge to follow-up in the majority of patients irrespective of the THV implanted. Our data suggest that if change in aortic regurgitation does occur, whether it is improvement or deterioration, this usually tends to happen within the first 6 months. It appears that from 6 months to 1 year, significant change in the degree of aortic regurgitation is uncommon. This finding is consistent with the 3-year data of the Placement of aortic transcatheter valves trial 32 demonstrating no significant change in aortic regurgitation during follow-up among the patients who underwent echocardiographic evaluation after TAVI. Our data, however, are in contradiction to the CoreValve U.S. Pivotal Trial in which 80% of patients with moderate postprocedural aortic regurgitation at 1 month who survived to 1 year experienced a reduction in the aortic regurgitation over time. 41 The reason for this may be related to the fact that both balloon-expandable and self-expanding valves were implanted in our study Time (days) Cardiovasular mortality (%) 58 and the high rate of postdilatation in CoreValve may have negated this late effect. Echocardiographic evolution of postprocedural aortic regurgitation at follow-up is shown in Fig. 3 .
Predictors of mortality
In previously published studies, 13 significant post-TAVI aortic regurgitation was identified as one of the predictors of midterm mortality. Our results demonstrate similar findings. On multivariable analysis, BMI, STS score and LVEF were also identified as predictors of midterm mortality. Given the advanced age of patients undergoing TAVI, low BMI could represent a marker of cachexia and thus an index of frailty. These patients may tolerate poorly the potential complications associated with the procedure. The type of bioprosthesis used for TAVI was not identified as a predictor of midterm mortality consistently with the results of a recent randomized trial 42 that compared the self-expandable THV with the balloon-expandable THV.
Study limitations
The present study reports a retrospective single-center TAVI cohort of limited size and follow-up period. The echocardiographic assessment of aortic regurgitation severity may be operator dependent, and hence it might have been more accurate to have a single operator or core lab evaluate aortic regurgitation (postprocedure and during follow-up) in order to maintain uniformity. Aortic regurgitation assessment, however, was performed as per guidelines and by an independent experienced echocardiographist. The mixed cohort of THV included in the present analysis, although it may be perceived as a limitation, reflects our everyday clinical practice.
Conclusion
Postprocedural aortic regurgitation is a frequent event and has an adverse effect on early and midterm mortality. This impact is higher with increasing grades of aortic regurgitation, but it is present even in the case of mild postprocedural aortic regurgitation compared with absent. The present study confirms that every effort (i.e. postdilatation, snaring, valve-in-valve implantation) should be made to minimize the grade of postprocedural aortic regurgitation with current devices through comprehensive preprocedural planning and meticulous procedural execution. New-generation THVs are needed to address the issues of repositionability in order to facilitate accurate placement and include additional features to minimize postprocedural aortic regurgitation, which should further improve TAVI outcomes.
